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Abstract

In this study, the effect on the stability of Aerobic Granular Sludge (AGS) with different Carbon/Nitrogen (C/N) ratios was
investigated. The C/N ratios were controlled to 10.0, 7.5, 5.0, and 2.5 using the sequencing batch reactor, and the results
showed that the removal efficiency of organic matter and total nitrogen decreased simultaneously with the decrease of C/N
ratio. The removal efficiency of organic matter and total nitrogen at C/N ratio of 2.5 was 70.7% and 52.3% respectively. In
addition, the AGS/mixed liquor suspended solids (MLSS) ratio showed a tendency to decrease from 85.7% to 73.7%, while the
sludge volume index showed a tendency to increase from 82 mL/g to 102 mL/g as the C/N ratio decreased. At the same time,
the apparent deviation of polysaccharide (PS) content in extracellular polymeric substances was observed, and
polysaccharides/protein (PS/PN) ratio decreased from 0.62 to 0.31 as the C/N ratio decreased. Optical microscope observations
showed that the reduction in C/N ratio caused the growth of filamentous bacteria and significantly affected the stability of
AGS.
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A & sz & o glow f8lule 24, CNH|
(Carbon/Nitrogen ratio), F/MH] (Food/Microorganisms
ratio), Z7|&E 9 o =9 733} theksl Q15|
3714 defs oo o4 BE o] JltkLong
etal.,, 2019; Yuan et al., 2019; Zhang et al., 2019). ©]
B Wi 5 el ARt QR ARaE Sle
$904 ONHI= 71 0% 84 % sh 750
(Wuetal, 2012). 9|2, 5-14= |7} AR gl 2o
3718 e U Alage A8 e elkE o
AP A, 9 9 AR Aol ok w1 4 gl
2AA2 9471 9 4 glkn Bas glrYang et
al., 2005; Kocaturk and Erguder, 2016). T3t 0=
of ofalf ErlEo] T ke SRl A H oHd
Jo]| 7]oJ5}= A Q] 1 A} &2 (Extracellular Polymeric
Substances, EPS)-2 =& i Z](Protein, PN)1} tl
Z(Polysaccharides, PS) 502 A=o] glom C/N
H] Hslo] weh EPS2] 5= 5l PS/PN HlZ0] H}E o]
Tl Aol ks vl 4= Iek(Liu et al., 2004
Zhu et al., 2012).
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Table 1. Characteristics of the influent
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o] EejA] 7%=, A7) 9 /o] AfslErkar Hars|ar
Utk Ly el QAo TRt 71 e A
C/NH| W3lof| k2 714 “1efe A9 B4 54
(=24 E4)oll et 7t 5 ol FaL §lom, ¥4
Lg5o] AENRSE AF MLSS (Mixed Liquor
Suspended Solids) thv] 7|4 IE S8R =9
HE 2412 53 Teke oA 7S Rkt e
- ml gt A7golct. ofof wiet C/NH] ®3lo] ofgt 5
718 e oA P HIAUSS Eot A A
olalfsl7] lalirli= thekst C/NH] 2-8-& 53 F7F4%1
A7 asict wEka] 2 Aol HxS C/NH| ¥}
7} 37144 e £ A9 oAl vlRl= 9 F Bt
of At ALBEA] 372 ol8sto] 230 C/NH| ¥
sl w2 flE, A4 AARES F7IsIoH FA
o P B7HE fltt =214 5/J(AGS/MLSS), EPS
Rl = A RS AR 2 L) i

A

WO
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Yolbd Aa 9 oZe|w= 27} CH3;COONa-3H;0,
NH4Cl, NaHCO; (SAMCHUN Chemical, Korea)=
ol-gste] Alzsteirt. HA| 27 1E ] Fd B
o pHE 7.1(6.9~7.3)2 {A=glon, agde|e
T-N (Total Nitrogen)2 ZF2+ 204.8(190.0~218.0)

Influent

Parameters Unit "

Min. Max. Average S.D.

CODg; (C/N: 10.0) (mg/L) 247.3 2543 251.0 22
(C/N:17.5) 182.7 190.3 186.3 2.5

(C/N:5.0) 122.3 127.3 124.5 1.6

(C/N:2.5) 73.7 76.3 74.9 1.0

Total Nitrogen (mg/L) 24.8 25.5 25.1 0.2
Alkalinity (mg/L) 190.0 218.0 204.8 10.4
pH - 6.9 7.3 7.1 0.2
Temperature () 23.9 24.2 24.0 0.1

*S.D.: Standard deviation
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mg/L % 25.1(24.8~25.5) mg/LZ AUk C/NH]
L A0 A 2108 AgsEon, §712
5 W7y 10.0, 7.5, 5.0 2 2,52 FLESICh
3714 TefE el AR RO BRS04 1A
HjoFet 0.2 mm oY =7]9] &RXE s (80
mesh/0.2 mm STS Sieve) ARE3}.0H, 27] MLSS,
MLVSS (Mixed Liquor Volatile Suspended Solids)
1 3714 e S8Rl 2424 2,870, 2,270 2 2,460
mg/Lojqlct AA| A7IRF Fete] el e

Table 1of UERHTY.

22, MEEF 2 2z
Aol AR HEST I B4 el Seid A

W fAe] felblhn maEs R
(Sequencing Batch Reactor, SBR)E ©]83}3.0™
(Arrojo et al., 2004; Wang et al., 2007; Kishida et al.,
2009), 9-&84 5 L (155 mm x 155 mm x 222 mm)
o] o= A HkE71E ARESIIHHFig. 1). BEg7]of]
= A W A RIS 2ES |5 PR Y
Al W 50%S 218517]
SEES F51] FEAIZKSu et al.,
2013; Szabo et al., 2016; de Sousa Rollemberg et al.,
2018). AL3EA] W79 RS W 2asks
?18h 6 cycle® 117s}o] 251310 o]
SF& A|FAIZHHydraulic Retention Time, HRT)- 8
hr2 AAEley JA AR FU&RES(10
min), 3£7](210 min), AZ(10 min) ¥ -F+Z(10 min) >
2 ARkt AR 24 717 E<ke] 717] Ae] 2
PLC (Programmable Logic Controller) AJjo] & 134
o Apgailon] FrlehAelAe] SEADissolved
Oxygen, DO)= 1.0~2.0 mg/L, IFE AFAIZE
(Solid Retention Time, SRT)-2 15~20 HHZ 4]
Holch AR TR ASSIEA hg7]e] SHALS
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Table 2. Experimental conditions of lab. scale reactor

Fig. 1. Photograph of the lab. scale reactor.

2.3, M4

T 2 A AR f7]& (Chemical Oxygen

Demand, COD)T} ZZANT-N) AES SasieA|

(DR-4000, Hach, USA)Z o]g3}o] Basieion, 11
FEO MLSS2} MLVSSE EA512ICHAPHA, 2008).
S C/NH| 7ol w2 SVI; (Sludge Volume Index)
e S5kl 371 e e A S B
7Fsl9t Campo et al., 2018). AGS/MLSS H|&-2 &
A 5] 5 0.2 mm o} =279} ofst =719 S84
£ A1%(80 mesh/0.2 mm STS Sieve) & 2A5}0] AH4
sloith 3714 s SR EPS e 5|
3] =(Formaldehyde)?} NaOHE A3l 3192
w(Liu and Fang, 2002) &% thi2(PN)T} i
(PS)+=Folin A]°HLowry et al., 1951)3} Phenol-vitriol
HhH(Herbert et al., 1971)2 Al&5}o] 25199t 5714

Vol. (L) Flow (L/day) Cycles/day

pH

HRT (hrs) SRT (days) DO (mg/L)

5 15 6

7.0~175 8

15~20 1.0~2.0

Operation time for 1 cycle (min): Fill&React(10) — Oxic(210) — Settle(10) — Draw(10)

C/N ratio (mg COD/mg T-N): 10.0, 7.5, 5.0, and 2.5
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Fig. 2. COD concentration at different C/N ratio.
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Fig. 3. T-N concentration at different C/N ratio.
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tHEom and Kim, 2018). Mo et al.(2019)2 C/NH]
2 ofslollxf= T4 AAAEC] HASHER C/NH| A|
0]o] 29 AL 735kl 9t ESH He et al.(2019)
=2 C/NH|(4.0) 2104 2714 el S2AE o8
et A AAGES F7HE sl 271 AlelE S5t
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TAL AAGES Z7|FS Aol A5 B Ad5A
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3.2, MLSS 2 SVl

278 MLSS, AGS 5% 2 AGS/MLSS H|&2] #
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2 73.7%7HA] 7343190k Pijuan et al.(2011)2 37|
A e SR ARl RAIE St 27
AGS/MLSS Hv}g&9] 2048 Bisla 9o, Ni et
al.(2009)2- 85%2] AGS/MLSS H|E-2 a7 ¢Jaia=
300 oe] 24717te] BRFRS Harsigit 2 24
AIE 53to] A2l 7Iast 2714 el SuiA
Aol GRS nA|= TRt W F CNYl= efs
Aol 2 P vl A ERIE 4= gk 7
o C/NH|= 12 A7|9k] AVt e 22
H1E37 Q) 9m(Luo et al., 2014), C/NH]7} 5.0 o]gld
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tH(Yang et al., 2005; Liu et al., 2007). w=hA], QFg2]
ol el AIE Slste] C/NH] 5.0 oS FrAS Ea
7F & Ao = gk
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S 1510} fAFR AR LR om ONYI} 2k
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SR WAL CNu} fhaglo] et 24208 5
71t 4R A], 102 mL/gE YERHTE Kocaturk
and Erguder(2016)-2 C/NH|E- 7.59)14] 1.07}A] ZH4A]
710 5714 T SeAI0] AHAS AR AT, 43
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AR TS e, of2fe ke 2Ho] 74
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SV OF 530114 39 mL/g7HA| Rolx|= Aiks
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value at different C/N ratio.
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Fig. 5. Protein, polysaccharides and PN/PS ratio value at
different C/N ratio.
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